This study evaluated the effects of infusion of grape seed extracts (GSE) at two levels (1500 and 3000 ppm) or tert methyl-butylhydroquinone (TBHQ) on thiobarbituric reactive substances (TBARS), texture, and sensory properties of baladi goat meats after cooking using microwave or conventional electric oven and stored for 12 days at 5℃. During a 12-day storage, the TBARS values of the meat cooked by microwave and conventional electric oven ranged from 0.37 to 4.47 and 0.38 to 4.61 mg malonaldehyde/kg, respectively, while that for the uncooked (raw) meat was in the range of 0.22 to 1.23 mg malonaldehyde / kg meat. Meats cooked by the microwave oven had higher TBARS values and oxidized sensory descriptive flavor than those cooked by the conventional electric oven. They also had higher maximum shear force (N), working of shear (Ns), hardness (N), springiness, cohesiveness, and chewiness values than the electric oven-cooked counterparties. TBHQ was the most effective in raw and cooked meats in reducing lipid oxidation followed by GSE infusions. Subjected sensory descriptive and consumer analyses results showed that microwave cooking was more effective for texture attribute improvement compared with the conventional electric oven. GSE were effective in preventing undesirable changes in chemical and sensory properties in goat meat caused by microwave and conventional electric oven cooking.
Introduction
Meat is usually cooked before being consumed using different types of cooking methods such as frying with oil, grill, roasting in an electrical oven, and boiling with water. Over the past few decades, microwave food preparation has gained popularity in the world because of its speed of cooking and ease of preparation (Caballero et al., 2003; Rababah et al., 2006) . Each type of cooking has several positive and negative effects on meat (Broncano et al., 2009 ) and most of positive effects are taste, texture and flavor enhancement, microorganism destruction, and shelf-life extension (Bognar 1998; Broncano et al., 2009) . On the other hand, most of negative effects are related to lipid oxidations (Caballero et al., 2003; Rababah et al., 2006; Broncano et al., 2009) . Broncano et al. (2009) reported that grill caused lipid oxidation of Iberian pigs but less than those cooked by roasting frying and microwave. Frying was also reported to increase the lipid oxidation as a result of high temperatures and an increased exposure of oil to oxygen due to oil-air interface turbulence during frying (Saghir et al., 2005) . Hernández et al. (1999) observed that roasting, which uses high temperatures for a long time, produced an increase of lipid oxidation of meats, whereas microwave treatment (shorter time and lower temperature) caused high oxidation.
Eating quality of meat can be defined in terms of the sensory texture (Lawrie, 1998) and flavor attributes (Stone and Sidel, 1993) . The level of lipid oxidation generated in meat can be determined using the thiobarbituric acidreactive substance (TBARS) test (Jo and Ahn, 1998) . Lipid ground seeds were defatted in hexane (1:3) with agitation for 30 min, and filtered under vacuum. The residue was defatted again using the same procedure. Defatted residue was air dried overnight under a fume hood to remove residual hexane. The defatted residues were extracted with methanol (1:3) with stirring for 30 min and filtered under vacuum. The filtrate was concentrated in a Rotovapor (Buchi 011, Buchi, Switzerland) and dried under a fume hood overnight. The resulting grape seed extract was stored at 5℃ until use.
Goat meat infusion with GSE and TBHQ The goat meats were obtained from six Baladi male goats with an age of 6 months and an average weight of 35 kg. The meats were purchased from a local meat farm, taken within 1 − 2 h of slaughter and kept at 5℃. At 24 h postmortem, bones, connective tissue, and separable fat were manually removed from the carcasses. After that, legs were removed; and then deboned and cut into steaks (3 cm width × 3 cm length × 3 cm thickness), and the samples were mixed together to form one experimental unit. Each experimental unit was divided into five sub-units. Each sub-unit received one of the following treatments: 1) mixing with grape seed extract at 1500 and 3000 ppm, 2) mixing with TBHQ at 200 ppm, and 3) mixing with de-ionized water. In addition, non-marinated goat meat, referred to as "as is", was also used as control.
Baladi goat meats marinated with GSE and TBHQ The goat meats were marinated via a tumbling method with grape seed extract at two levels (1500 and 3000 ppm), and TBHQ at 200 ppm based on 8.5% goat fat, following the procedure below. About two kilograms of meat was tumbled with 80 ml of GSE and TBHQ solutions for 20 min. Also, goat meats were marinated with deionized water in addition to the control for comparison purposes. A quantity of 20 pieces of each treated meat were placed in plastic bags, wrapped with oxygen-permeable polyvinyl chloride film, and stored in a 5℃ refrigerator for 0, 6 and 12 days. The samples were evaluated for TBARS and instrumental measurements at 0, 6 and 12 days, and descriptive analysis and consumer testing at 0 day using microwave or conventional electric oven cooked samples.
Cooking Samples treated with GSE at two levels (1500 and 3000 ppm), TBHQ at 200 ppm, and the control were cooked using a conventional electric oven or microwave prior to TBARS, texture analysis, and sensory evaluation. Half of the samples were cooked in a conventional electric oven preheated to 190℃, placed in stainless steel pans, and cooked to an internal temperature of 80℃ ± 2℃. The rest was cooked in a microwave (2450 MHz. and 700 W) until an internal temperature 80℃ ± 2℃ was reached.
TBARS analysis for raw and cooked meat samples TBARS values of the raw and cooked meats were deteroxidation in meat occurred during cooking has a significant impact on the quality of the final product, which may lead to the development of rancid off-flavors, shelf life reduction, color changes, and deteriorated nutritional quality (Mottram, 1998; Rababah et al., 2006) . Several studies have shown that lipid oxidation can be reduced or retard by adding synthetic or natural antioxidants (Fadhel and Amran, 2002; Rababah et al., 2008) . However, due to toxicological concerns of synthetic antioxidants, there has been an increasing interest of using natural plant extracts . Grape seed extracts (GSE), one of the plant extracts, had highest antioxidant activities compared with other plant extracts Rababah et al., 2008) . Mielnik et al. (2006) demonstrated that GSE was effective in inhibiting lipid oxidation of cooked turkey meat during chill-storage. GSE was reported as an effective antioxidant to minimize irradiation-induced lipid oxidation development of chicken breast meats Rababah et al., 2010) .
Goats are ruminants that can tolerate harsh environments and require only limited feeds (Stankov et al., 2002) . Their meat is unique in flavor and palatability and leaner than other meats due to its containing more desirable polyunsaturated fatty acids than the meats of other ruminants (Mahgoub et al., 2002) . Conventional electric ovens are common and mainly used for meat cooking. However, the application of microwave in food preparation and cooking has increased rapidly. Currently, no literature information is available on the effect of plant extracts including GSE on the lipid oxidation of goat meat cooked with microwave or conventional electric oven. Therefore, the implication of using GSE to prevent/minimize the physicochemical and sensory properties changes that occur during goat meat cooking and aftercooking storage need investigation. The aim of this work was to study the effects of GSE or tert methyl-butylhydroquinone (TBHQ) on the physicochemical and sensory properties of baladi goat meats after microwave or conventional electric oven cooking and during 12-day storage at 5℃.
Materials and Methods
Materials Baladi goat meats used in this study were provided by a local meat farm, and grape seed (Vitis vinifera) was purchased from a local supermarket. TBHQ (Tenox 20A with 20% TBHQ) was purchased from local Sigma-Aldrich agent (Amman-Jordan). All solvents and chemicals used for the chemical determination were of analytical grade.
GSE preparation GSE was prepared as described by . Grape seeds were ground in a mill (Braun Aromatic KSM2, Braun Canada Div., Gillette Canada Company, Mexico) and passed through mesh 60. The ments were evaluated for the following attributes: 1) flavor which included meaty, oxidized, and cardboard; and 2) texture, including a) first bite/chew: hardness, moisture release, and cohesiveness, and b) chewiness: hardness of mass and cohesiveness of mass. A 15-point intensity scale anchored by references as defined by the Spectrum methodology was used in assigning values to the various descriptors.
Consumer evaluation The consumer sample population was selected from faculty and students in Jordan University of Science and Technology, who were 18 − 60 years of age and of various socioeconomic backgrounds. Only those who consumed lamb meats frequently were selected to participate in the study. A target of 50 participants were selected in anticipation of test no shows. Consumer testing was conducted at Jordan University of Science and Technology laboratories. Consumers were provided with ID cards in the order in which they arrived at the test site and were directed to individual tables with written instructions and ballots. Samples were coded with randomly 3 digit numbers and presented in balanced order (Meilgaard et al., 1999) .
Each consumer was provided with a tray containing 3 samples, one from each treatment in 20 mL plastic sample containers. To eliminate carry over factors, consumers were also provided with unsalted crackers and room temperature water for mouth cleansing between samples. The consumers were asked to record their acceptance and intensity scores for overall impression, overall aroma, overall flavor, and overall texture (9 point scale with 9 = like extremely" and 1 = dislike extremely), and hardness (9-point intensity scale with 9 = extremely tough and 1 = extremely soft).
Statistical analysis Data were presented as means from three goat meats (three replicates) taken randomly and anamined according to a spectrophotometic method as described by .
Texture analysis Warner-Bratzler shear and texture profile analysis (TPA) were measured using a texture analyzer (EZ-test, Shimadzu, Tokyo, Japan).
Warner-Bratzler shear Warner-Bratzler shear measurement was conducted according to Rababah et al. (2005) . The maximum shear force (N) and work for shearing (N s) were recorded from the force deformation curve. Warner-Bratzler shear was determined in triplicate for triplicate samples of each treatment.
TPA of cooked meats TPA was conducted according to Rababah et al. (2005) . Texture profile was used to determine instrumental hardness, springiness, cohesiveness, and chewineness of the meat samples. TPA hardness is the amount of force necessary to produce the first compression. TPA springiness (D2/D1) is calculated as the ratio of the distance or time of contact with the sample during the second compression (D2) to the same distance or time for the first compression (D1). TPA cohesiveness is the ratio of the two total areas under the compression curves (A1 and A2). TPA chewiness is the product of hardness, springiness, and cohesiveness. TPA measurements were determined in triplicate for triplicate samples of each treatment.
Descriptive analysis A seven-member trained descriptive panel, who consumed goat meat frequently, was trained according to the Spectrum methodology (Meilgaard et al., 1999) . The Spectrum method involves scoring perceived intensities with reference to pre-determined scales using standard attribute names with their standards to define a scale of intensity (Meilgaard et al., 1999) . Each treatment was evaluated for flavor and texture attributes ( Rababah et al., 2010) . The TBHQ was the more effective than GSE at two levels (3000 and 1500 ppm) in lipid oxidation reduction. In addition, GSE at 3000 ppm was more effective than GSE at 1500 ppm for the reduction of lipid oxidation, and this could be due to higher antioxidant activities at higher level of GSE. reported that higher level of plant extracts had longer induction times (h) than that at lower levels using oxidative stability index.
Warner-Bratzler shear
The maximum shear force (N) and work of shearing (N s) of the cooked meat samples are showed in Tables 4 and 5 . The shear force values of the meat cooked using the conventional electric oven and microwave ranged from 21.6 to 23.7 and 29.6 to 31.4 (N), respectively. For the meat cooked using conventional electric oven and microwave, the values ranged from 27.6 to 28.9 and 36.4 to 37.7 (Ns), respectively. Compared with the electric oven, the microwave cooking increased significantly (p < 0.05) the shear force and work of shearing values of meats of lyzed using the mixed model procedure of ANOVA using SAS (SAS Institute, 2002) version 8.2 software package. The model included the main effects of replicates, infusion treatments (GSE, TBHQ, water control, and control "as is"), cooking methods (microwave and conventional electric oven), three storage time (0, 6, 12 days), and their interactions. Measured variables included TBARS, texture analysis, and sensory evaluation. Means were separated using LSD analysis at p ≤ 0.05.
Results and Discussion
TBARS for raw and cooked goat meat Lipid oxidation of meat expressed as mg malonaldehyde /kg meat is presented in Tables 2 and 3 . During 0 -12 days of storage, the TBARS values ranged from 0.22 -1.23 mg malonaldehyde/ kg meat for raw goat meat. The TBARS values of the cooked meat using conventional electric oven and microwave ranged from 0.36 -4.47 and 0.38 -4.61 mg malonaldehyde/ kg meat, respectively. In general, the TBARS values of the microwave-cooked meat were higher than that cooked with the conventional electric oven. This could be due to the interactions between microwave and meat fat which caused oxidation of polyunsaturated fatty acids, and an increase of secondary oxidation products originated from these fatty acids (Hernández et al., 1999; Yoshida et al., 2005) . The antioxidants infused raw and cooked meat had a similar effect on reducing the TBARS values in both cooking methods. As compared to the controls, the TBARS values of GSE and TBHQ infused goat meat were generally lower during storage from 0 to 12 days. The reduction of lipid oxidation of the meat samples infused by TBHQ or GSE could be due to either inhibition of formation or scavengers of free radicals during the initiation step or interruption of the propagation of the free radical chain reaction (Nawar, 1998 ; Nam and Ahn, TPA of cooked meat TPA of hardness, cohesiveness, springiness, and chewiness values of the meats cooked using the two methods were investigated (Data not shown). The hardness values of the meat cooked with the conventional electric oven and microwave ranged from 76.1 to 77.3 and 84.2 to 85.7, respectively. The corresponding springiness values were in the range of 0.44 to 0.46 and 0.54 to 0.56, the cohesiveness values were from 0.28 to 0.29 and 0.36 to 0.37, and the chewiness ranged from 9.6 to 10.1 and 16.5 to 17.9, respectively. Compared with the electric oven cooking, in general microwave cooking significantly increased (p < 0.05) the four TPA parameters of both the control and the TBHQ-and GSE-treated samples. Addition of TBHQ and GSE did not affect the TPA parameters. The reason why the microwave cooking of meats increased the hardness, chewiness, springiness, and cohesiveness could be due to the same explanation of shear force and work of shearing. Our results agreed with others who found that microwave increased the compression values of meats (Nikmaram et al., 2011) . Rababah et al. (2006) found that compared with electric oven cooking, microwave cooking increased the hardness, chewiness, springiness, and cohesiveness of chicken meats.
Trained sensory evaluation Descriptive sensory flaboth controls, GSE at two levels (3000 and 1500 ppm), and TBHQ. Addition of TBHQ and GSE did not have a significant effect on the two parameters in both cooking methods. The increase of shear force and work of shearing values in microwave cooking could be due to less denaturation of the sarcoplasmic and myofibrillar proteins (Roberts and Lawrie, 1974 ) that resulted in a tough texture. In a recent study, Yarmand and Homayouni (2009) reported that the hardness of fat during microwave cooking was higher than conventional cooking as a result of increasing overall migration of fat globules in microwave cooking. Nikmaram et al. (2011) reported that the increase in shear force value and compression force in microwave meat cooking compared with other methods (roasting and braising) could be caused by less denaturation of connective tissue proteins and actin due to a short treatment time in microwave heating, and also collagen solubilization was less in microwave. Our findings agreed with others who found that conventional oven produced lower shear force and Newton values of beef meats than microwave (Berry and Leddy 1984) . El-Shimi (1992) reported that the forces required to penetrate the meat were slightly higher in microwave-cooked than in conventionally cooked samples. 30.6 a2 * Column (a -d) and row (1 -6) values with the same letters were not significantly different (P ≤ 0.05). ** Grape seed Extracts (GSE). could be attributed to the same mechanisms for the changes in shear force and work of shearing. Our results agreed with other researchers. Berry and Leddy (1984) reported microwave cooking produced low sensory panel ratings of beef meats compared with other cooking methods. The laboratory panelists in the report of Barbeau and Schnepf (1989) rated the chicken cooked in microwave ovens less tender and juicy than the chicken cooked in a conventional oven. El-Shimi (1992) indicated that sensory evaluation of microwavetreated samples increased hardness scores compared with conventionally treated beef samples. Consumer testing Table 7 summarizes consumers' opinion of the products. No significant differences (P < 0.05) were found in consumer attributes of overall impression, vor and texture scores are shown in Table 6 . No significant differences (p < 0.05) occurred in meaty attribute due to cooking type (microwave or conventional electric oven), also, cardboard flavor was not noticed in both type of cooking. The results (Table 6) showed that microwave cooking significantly increased the oxidized flavor, and TBHQ and GSE (3000 ppm) addition prevented the development of the oxidized flavor. The increase in the oxidized flavor and antioxidants additions in microwave-cooked meats could be ascribed to the same reason for those causing changes in TBARS. The descriptive texture results (Table 6) indicated that microwave cooking increased the first bite/chew (hardness, moisture release, and cohesiveness) and chewiness (hardness of mass and cohesiveness of mass) attributes. This Row (a -b) values with the same letters were not significantly different (P ≤ 0.05). ** Grape seed Extracts (GSE). 1 Overall impression, overall aroma, overall flavor, and overall texture (9 point scale with 9 = like extremely" and 1 = dislike extremely); 2 hardness (9-point intensity scale with 9 = extremely tough and 1 = extremely soft).
Effect of Grape Seed Extracts on
overall aroma, and overall flavor attributable to cooking type (microwave or conventional electric oven). The consumer evaluation ( Table 7 ) also showed that microwave treated samples had higher scores of overall texture than that with a conventional electric oven, and the microwave cooking increased the hardness intensity. The lower score of overall texture and the higher scores of hardness intensity in microwave cooking of meat could be caused by the same reasons as those in the shear force and work of shearing tests. This result was in agreement with that reported in the literature (Barbeau' and Schnepf, 1989; El-Shimi, 1992) . For instance, Sharma et al. (2005) observed that chicken meat patties cooked by microwave were harder and have lower juiciness and other organoleptic characteristics than convection oven cooked patties. Mohammad Nisar et al. (2010) indicated that buffalo meat patties cooked by a microwave had lower texture acceptance scores than that from a hot air oven.
Conclusions
The results of this study showed that infusing TBHQ and GSE into baladi goat meats could be an effective method for minimizing undesirable changes in chemical properties during storage in both conventional electric oven and microwave cooking methods. In general, the microwave cooking increased the TBARS values and texture attributes compared with that cooked by the conventional electric oven. The GSE and TBHQ appeared to have beneficial effects on reducing TBARS developed during storage and improvement of some sensory properties. The conventional electric oven could be considered as a better cooking method for keeping physicochemical and sensory properties of goat meats compared with the microwave oven.
